Introduction and background
Endoscopic submucosal dissection (ESD) is widely used to treat mucosal gastric cancers, because an en-bloc resection of the lesions by ESD provides a detailed pathological assessment and a possible radical cure [1, 2] . However, technical problems and expansion of the eligibility criteria for ESD can also cause complications and can prolong surgical time [1, 3, 4] . Therefore, in order to perform ESD safely and satisfactorily, patients should be maintained under an appropriate anesthesia regimen or sedation during the entire period of the ESD.
Deep sedation (DS) is defi ned as a drug-induced depression of consciousness during which patients cannot be easily aroused [5] . On the other hand, general anesthesia (GA) is defi ned as a drug-induced loss of consciousness during which patients are not arousable, even by painful stimulation [5] . DS is more frequently used than GA for ESD [3] . While endoscopic treatments performed in apparently unconscious patients under DS were assumed to have little invasive impact, DS sometimes appears to be insuffi cient in patients undergoing ESD for an extended time [1, 3, 4] . However, no objective assessment of the perioperative stress for patients during ESD has so far been conducted.
Recent studies have demonstrated the effi cacy of assessing psychological stress objectively by monitoring salivary amylase activity (sAMY) [6, 7] , and an instrument using this method to assess stress with rapidity and low invasiveness has been marketed for practical use [8, 9] . Against this background, the objectives of this study were to investigate the differences in sAMY between DS and GA during ESD, to determine the effi cacy of sAMY as a potential index of a patient's stress level during therapeutic endoscopy, and also to elucidate the causes of such stress.
Abstract
Background. Although endoscopic submucosal dissection (ESD) for patients with gastric tumors under the conditions of unconsciousness is considered to be minimally invasive, no objective assessment of the perioperative stress of ESD has yet been conducted. Today, stress levels can be easily and objectively assessed by monitoring salivary amylase activity (sAMY). We evaluated the perioperative changes in the sAMY in patients undergoing ESD and identifi ed the causes of such changes. Methods. A total of 40 patients with gastric cancers/adenomas removed by ESD under general anesthesia (GA; n = 20) and under deep sedation (DS; n = 20) were enrolled. sAMY was measured using the enzyme analysis equipment, sAMY Monitor (NIPRO, Osaka, Japan) during the perioperative period of the ESD. Also, all patients were interviewed to determine their subjective stress level, using a questionnaire asking "How did you feel during ESD?", with the choice of responses ranging from "did not wake up at all" to "I was awake and ESD was extremely stressful". Results. The sAMY of the DS group increased soon after the start of ESD. Meanwhile, that of the GA group decreased just after the ESD started and was maintained at a stable level throughout the ESD. In response to the stress level questionnaire, all of the patients in the GA group and a majority of the patients in the DS group responded, "did not wake up at all". Conclusion. Sympathetic agitation, expressed as an increase of sAMY, was absent in the GA group. Meanwhile, in the DS group, some patients showed high levels of sAMY which went down following the administration of an analgesic agent, thus suggesting that pain caused an elevation in the level of the stress and thereby induced an increase in sAMY. The measurement of sAMY is therefore considered to be useful for the assessment of analgesic status under DS.
Patients and methods
This study enrolled 40 patients with early gastric cancer and/or adenoma who were treated at the Department of Frontier Surgery or the Department of Endoscopic Diagnostics and Therapeutics, Chiba University Hospital. Twenty patients were diagnosed by the attending endoscopists as having tumors (30 lesions) that might need a long time for en-bloc resection; therefore, they underwent ESD under GA, using propofol (0.5 mg/ kg/10 min i.v.) and fentanyl (0.1 mg i.v.) maintained with sevofl urane, and were termed the GA group. The other 20 patients underwent ESD (for 22 lesions) under DS with midazolam (0.04-0.06 mg/kg i.v.) and pentazocine (7.5 mg i.v.) maintained properly, and were termed the DS group. Neither anticholinergic nor vasopressor agents were used. sAMY was measured using the enzyme analysis equipment, sAMY Monitor (NIPRO, Osaka, Japan) prior to the ESD in the morning, just after the induction of sedation, every 30 min after the beginning of the ESD, 3 to 6 h after the end of the ESD, and just before discharge ( Fig. 1 ). All patients were interviewed prior to discharge to determine their subjective stress level, using a questionnaire in regard to the question: "How did you feel during ESD?", and then they were asked to choose one of the following answers: (1)"I did not wake up at all", (2)"I was awake but ESD was not stressful", (3) "I was awake and ESD was slightly stressful", (4) "I was awake and ESD was mildly stressful", (5) "I was awake and ESD was moderately stressful", or (6) "I was awake and ESD was extremely stressful". In addition, a bispectral index monitor (BIS Monitor; Aspect Medical Systems, Norwood, MA, USA) was used to evaluate the level of consciousness.
The institutional review board approved the study protocol, and written informed consent was obtained from all patients.
Statistical analysis
Continuous data are presented as means ± SD. The difference in sex proportions was evaluated using Fisher's exact test. The differences in age, body weight, longer axis of the dissected lesion, operation time, and perioperative changes in sAMY measurements between the groups were compared using the Mann-Whitney U-test. All calculations were done with SPSS 15.0 (SPSS, Chicago, IL, USA). P values of less than 0.05 were considered to be statistically signifi cant.
Results
Although the operation time was signifi cantly longer in the GA group than in the DS group, no signifi cant difference between the groups was found among the other patient characteristic factors (Table 1) . Changes in the sAMY values in each group are shown in Fig.  2 . Major changes in sAMY were observed over time in the DS group and minor changes were seen in the GA group. The sAMY level in the DS group increased just after the beginning of the ESD and it subsequently remained at higher levels during the operation. However, it did not continue to increase as time proceeded. Meanwhile, the sAMY value in the GA group decreased to a lower level just after the beginning of the operation and remained consistently low without any fl uctuations thereafter. The mean sAMY values (in kU/l), with signifi cant differences between the two groups (DS/GA: P) at 30, 60, 90, and 150 min after the beginning of ESD, respectively, were: (56.3/10.9: <0.01), (68.5/8.9: <0.001), (51.0/7.9: <0.01), and (119.6/6.6: <0.001). No signifi cant differences between the two groups were observed regarding the preoperative fi ndings, postoperative fi ndings, and the fi ndings just before discharge. ..... The results of the questionnaire are shown in Fig. 3 . All of the patients in the GA group responded, "did not wake up at all". A majority (12/20) of the DS group responded with either "did not wake up at all (8/20)", "ESD was not stressful (3/20)", or "ESD was slightly stressful (1/20)". However, six subjects who gave the answer "I did not wake up at all" (n = 2), or "ESD was not stressful" (n = 3), or "ESD was only slightly stress- . 3 . Results of the questionnaire. All of the patients in the GA group and a majority in the DS group did not subjectively experience any stress ful" (n = 1) did not necessarily receive ESD in a short time or demonstrate a low rate of sAMY changes in comparison to the baseline level just before discharge (Fig. 4) . The bispectral index in the DS group (78.3 ± 7.09; n = 7) was signifi cantly higher than that in the GA group (50.9 ± 10.8; n = 16; P < 0.001).
The clinical course of a patient in the DS group whose duration of ESD was 4 h is shown in Fig. 5 . Little fl uctuation of the bispectral index and no apparent awakening were observed. In contrast, body motion was observed at 30 min after the beginning of ESD, and midazolam was administered, but it failed to control the body motion, and a simultaneous increase occurred in sAMY. However, the administration of pentazocine was observed to successfully control the sAMY as well as the body motion. Similar results were observed in some other patients in the DS group. 
Discussion
ESD has been assumed to be a less invasive treatment, which is associated with reduced psychological and/or physiological stress experienced by the patient, compared with that in open surgery. However, the results of the present study clearly demonstrate, based on changes in the sAMY, that patients undergoing ESDs with DS do suffer from some stress in comparison to those patients who are treated under GA. To our knowledge, this is the fi rst application of sAMY monitoring to objectively assess the stress experienced by patients during an ESD. The production of salivary amylase is controlled by epinephrine secreted from the adrenal medulla, caused by enhanced activity of the sympathetic nervous-adrenomedullary system [10, 11] . The sAMY has recently been shown to be a marker of sympathetic system activity [6, 7, 10, [12] [13] [14] . When sudden and stressful stimuli are applied to the human body, the sympathetic fi bers trigger the salivary gland, which secretes amylase before the gland responds to norepinephrine from the adrenal medulla; this is thought to be a faster response than the response to norepinephrine, and it usually occurs within minutes [15] . Cortisol is also suitable as a similar stress marker [16] . However, because the cortisol response is hormonally mediated, its reaction tends to be sluggish. Taking these characteristics into consideration, sAMY is therefore considered to be a real-time stress marker. Recently, a portable clinical instrument has been developed and marketed as a noninvasive, easy-to-use, and speedy sAMY measuring system [8] . Chromogranin A has also been used to assess the psychological stress caused during endoscopy [17] . However, this method uses an enzyme immunoassay and requires more time than the measurement of sAMY. Because measuring sAMY takes only 1 min after saliva sampling, it is very practical for assessing patients' stress level during endoscopy.
According to the results of the GA group in the present study; namely, that sAMY was maintained at a more strongly decreased level during the procedure than that at rest, the sympathetic tone was therefore completely controlled from start to fi nish. GA is preferred for ESDs requiring an extended time because GA can provide strict whole-body control [3] . The present results confi rm this from the viewpoint of stress assessed by sAMY. In contrast to the GA group, the DS group showed an increase in sAMY just after the beginning of ESD. In spite of the administration of additional sedative agents, such as midazolam, appropriately, sAMY remained high and unstable. However, no significant difference was observed in sAMY between the GA and DS groups at the time of only sedation or anesthesia, before the beginning of ESD. Therefore, these results confi rmed that the changes in sAMY in patients undergoing ESD did not occur simply owing to the different anesthesia methods.
The BIS Monitor is a device for estimating anesthetic depth from brain waves. A bispectral index of close to 100 indicates higher consciousness, and greater anesthetic depth is indicated when the index gets closer to 0 [18, 19] . Naturally, regarding the anesthetic depth expressed by the bispectral index, a difference was observed between the two groups in the present study. However, according to the questionnaire results, the majority of the patients in the DS group, including the patient whose details are shown in Fig. 5 , did not wake up or experienced no stress. Therefore, it is possible that the sAMY may not assess the level of consciousness, but instead that it monitors some other factor. Furthermore, the observation that pentazocine, but not midazolam, effectively reduced the high sAMY level as well as the body motion indicates that the stress shown by sAMY in a patient under DS is physiological stress; namely, excitation of the sympathetic nervous system caused by pain stimuli, rather than psychological stress. The sAMY has previously been reported to be useful for assessing pain in patients suffering from chronic low back or leg pain [20] . However, that report showed the sAMY to be related to the self-assessment of pain in a patient who was aware. Therefore, the present report is considered to be the fi rst objective assessment of the analgesic level in patients who are unconscious.
The guidelines for the Sedation and monitoring of patients undergoing gastrointestinal endoscopic procedures [21] announced in 1995 by the American Society for Gastrointestinal Endoscopy clearly state that "It is the responsibility of every practitioner engaged in the performance of endoscopic procedures to maximize the benefi t and safety to the patient." The advantage of these guidelines is that, besides offering defi nitions of the diagnosis and treatment, the guidelines suggest that patients can have painless and comfortable endoscopy. Until now, the degree of analgesia in patients undergoing ESD has not been fully understood. However, our discovery that the analgesic level can be easily monitored using sAMY may therefore positively contribute to the performance of safe and secure ESDs under DS.
In conclusion, GA for ESD inhibits sympathetic agitation in response to the stress of pain that is measured by sAMY to a much greater extent than DS, without exception. However, DS is also useful for ESD, irrespective of the operation time, as shown by the fi nding that most patients in the present study underwent nonstressful ESD under DS. ESD procedures can be performed safely under DS by assessing the analgesic level through sAMY and the sedative level using a BIS Monitor. In particular, sAMY is useful for decisions on the appropriate timing of administering analgesic agents.
